The introduction of the smartphone with high-quality, built-in digital cameras and easyto-install software may make it more convenient to perform teledermatology. In this study we looked at the feasibility of using a smartphone (iPhone 4 ® ) with an installed application especially developed for teledermatology (iDoc24 ® ) and a dermoscope (FotoFinder Handyscope ® ) that is customized to attach to the smartphone to be able to carry out mobile teledermoscopy. Objectives: To study the diagnostic accuracy of this mobile teledermoscopy solution, to determine the interobserver concordance between teledermoscopists (TDs) and a dermatologist meeting the patient face-to-face (FTF), and to assess the adequacy of the TDs' management decisions and to evaluate the image quality obtained. Patients/Methods: During a 16-week period, patients with one or more suspicious skin lesions deemed to need a biopsy or excision were included. The smartphone app was used to send a clinical image, a dermoscopy image and relevant clinical information to a secure Internet platform (Tele-Dermis ® ). Two TDs assessed the incoming cases, providing a specific primary diagnosis and a management decision. They also graded the image quality. The histopathological diagnosis was used as the gold standard. Results: Sixty-nine lesions were included. The FTF dermatologist's diagnostic accuracy was 66.7%, which was statistically higher than TD 1 (50.7%, P=0.04) but similar to TD 2 (60.9%, P=0.52). The interobserver concordances between the FTF dermatologist and the two TDs and between the respective TDs showed moderate to substantial agreement. The TDs provided adequate management decisions for 68 (98.6%) and 69 (100%) lesions, respectively. The image quality was rated as excellent or sufficient in 94% and 84% of the cases by the respective TDs. Conclusion: This novel mobile teledermoscopy solution may be useful as a triage tool for patients referred to dermatologists for suspicious skin lesions.
Introduction
The incidence of skin cancer is increasing among fair-skinned individuals worldwide due to excessive sun exposure, an older population, and an increase in the number of immunosuppressed patients [1, 2] . In 2010, melanoma and squamous cell carcinoma represented 14% of all cancers diagnosed in Sweden [3] . Furthermore, 15% of male and female Swedes will develop at least one basal cell carcinoma before the age of 74 years [4] . Meanwhile, national health budgets in the western world are strained with limited resources to handle an aging population [5] .
In Sweden, referrals from general practitioners (GPs) are paper-based, are sent by post, and contain no photographic documentation. In addition, they often lack important descriptive clinical details. With written paper referrals, there is a theoretical risk that patients with malignant lesions can be incorrectly triaged as having a low level of suspicion with subsequent long waiting times and vice versa. Therefore, novel and more effective approaches to how skin cancer patients are referred to dermatologists are warranted.
Sending digital images of skin lesions with relevant clinical information to a dermatologist for his/her opinion is known as teledermatology [6] . When dermoscopic images of the lesions are included, the consultation is called teledermoscopy [7] . Teledermatology and teledermoscopy have shown promising results with high concordance in diagnostic accuracy in comparison with face-to-face (FTF) visits [8] [9] [10] [11] [12] [13] [14] [15] [16] . Clinical and dermoscopic images and relevant clinical information can be sent by email [8, 14] , through specialized telemedicine software and virtual private networks for online consultation [9, 10, 12, 13, 15] or via Multimedia Messaging System (MMS) [17] . Today, with the introduction of smartphones with built-in digital cameras and Internet connectivity, one could also use a so-called mobile application or "app" for teledermatology. Moreover, several companies have also started producing dermoscopes that can be coupled with smartphones. In other words, mobile teledermoscopy referrals could become a reality if GPs were provided with a smartphone with a pre-installed teledermoscopy referral app and a customized dermoscope.
The primary objective of this study was to determine the diagnostic accuracy of a digital referral process using a novel mobile teledermoscopy app. The secondary objectives were to analyze the interobserver concordances between two teledermoscopists (TDs) and a FTF dermatologist, the adequacy of the management decisions provided by the TDs, as well as the quality of the acquired images.
Materials and methods
During a 16-week period, consecutive patients with one or more suspicious skin lesions were included in the study if a biopsy or excision was deemed to be necessary after clinical and dermoscopic examination during a FTF visit with a single dermatologist. All patients had previously been referred to the Department of Dermatology at Sahlgrenska University Hospital by a GP. The exclusion criteria were: patients under 18 years, patients with no knowledge of the Swedish language, skin lesions located on a part of the skin that did not allow for digital photography with the smartphone and customised dermoscope used in the study and skin lesions in which histopathological examination was not performed.
The local ethics committee approved the study and all patients gave written informed consent prior to inclusion.
The study was carried out using a smartphone (iPhone Potential differential diagnoses were not taken into consideration. Furthermore, they provided a management decision (excision, biopsy, follow-up with digital dermoscopy or no treatment), they evaluated the image quality (excellent, sufficient or poor) and they judged the level of diagnostic difficulty (high or low). The same assessment was also carried out separately by the FTF-dermatologist.
The assessments regarding the nature of the lesion (benign vs. malignant, melanocytic vs. non-melanocytic and the specific primary diagnosis) were compared to the histopathological diagnosis (gold standard) in order to analyse the diagnostic accuracy of the FTF-dermatologist and both
TDs. In order to study any differences between the FTF-dermatologist and the respective TDs or between TD 1 and TD 2, exact McNemar tests were carried out. The interobserver concordances for these parameters were also calculated using Raw Rate and Cohen's Kappa () analyses. Furthermore, interobserver concordances were analysed using the same statistical methods in regards to the management decision, the image quality and the level of diagnostic difficulty.
Statistical significance was taken as P <0.05.
Results
Sixty-two consecutive patients (24 female and 38 male) with a mean age of 64 years (range 25-94 years) were included in the study. Six patients had multiple lesions. Four of them had two lesions and two patients had three, which were initially included. However, one of the patients with three lesions ended up only having two excised during surgery. Thus, one lesion was excluded, giving a total of 69 included lesions.
The histopathological diagnoses and the nature of these 69 lesions are shown in 
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The diagnostic accuracy of the FTF dermatologists and the two TDs is shown in Table 2 , the diagnostic accuracy was highest for all three dermatologists when differentiating between melanocytic and non-melanocytic lesions but dropped slightly when classifying the lesions as benign or malignant. Consequently, the diagnostic accuracy in regards to lesion classification combining the diagnostic categories was also lower. For the classification of the lesions as benign or malignant, melanocytic or non-melanocytic and the combination of both criteria, no statistical differences were observed between the FTF dermatologist and the respective TDs or between TD 1 and TD 2.
As shown in Table 3 , the interobserver concordance (raw rate) for the specific primary diagnosis was 55% between the FTF dermatologist and TD 1, 57% between the FTF dermatologist and TD 2, and 58% between TD 1 and TD 2. from the FTF dermatologist's management decision since they knew that all lesions were going to be either biopsied or excised, but they still elected follow-up with digital dermoscopy or no treatment for some cases as shown in Table   4 . Subsequently, TD 1 provided adequate management decisions in 68 cases (98.6%). In one case, 'no treatment' would have been chosen for a melanoma in situ that was given a primary specific diagnosis of benign nevus. 
Discussion
The diagnostic accuracy of the TDs using this novel mobile teledermoscopy app was comparable to that of the FTF dermatologist in regards to the primary diagnosis and in regards to the classification of the lesions in the various diagnostic categories. The only statistically significant difference was the lower diagnostic accuracy of TD1 in regards to the primary diagnosis (50.7%), when compared to the FTF dermatologist (66.7%). Overall, the diagnostic accuracy in regards to the primary diagnosis in our study was within the ranges observed in two teledermoscopy studies designed similarly to ours. In these studies, the diagnostic accuracy for the primary diagnosis was 46.8 % for nonpigmented neoplasms and 51.6%-56.9% for pigmented neoplasms depending on the type of dermoscope used [9, 10] .
In comparison with other teledermoscopy studies, however, the diagnostic accuracy of the TDs in our study was slightly lower, which in most cases may be due to differences in study design. Tan et al obtained a diagnostic accuracy of 72.3% using teledermoscopy, but included evidently benign lesions and did not use histopathology as their gold standard [15] . In a Swiss study including 55 histopathologically verified lesions, the diagnostic accuracy was 74.5 % when classifying the lesions in diagnostic categories [12] . In a study by Blum et al, three TDs with varying experience in dermoscopy reviewed 157 lesions and were able to recognize the correct diagnostic category in 87.0%-90.7% of the cases [11] . A recent study using dermoscopic images taken with a mobile phone camera manually applied onto a pocket dermoscope showed a diagnostic accuracy of 75%. However, this study included differential diagnoses, 8% of the lesions were excluded due to poor image quality and not all lesions were confirmed histopathologically [13] . A study by Piccolo et al on 66 lesions resulted in a diagnostic accuracy of 86%, but 97% of the lesions were benign [16] . Similarly, a Spanish study including 61 cases rendered an accuracy of 94%, but only two lesions were malignant [14] . Interestingly though,
another study by Piccolo et al. showed a very high diagnostic accuracy, varying from 77% to 95%, with greater accuracy among TDs with more experience in dermoscopy. In this study, lesions with a high diagnostic difficulty were included and histopathology was used as their gold standard [8] . In our study, a relatively high interobserver concordance [8, 9, 11, 15, 18] .
The rating of the image quality varied greatly between the three dermatologists. The FTF dermatologist found all images to have a satisfactory image quality, whereas the TDs rated 4 and 11 cases (14 different cases), respectively, as having poor quality. This may be due to a grading bias since the FTF dermatologist acquired the images himself, whereas the TDs were perhaps influenced negatively by the high diagnostic difficulty of these 14 cases. In fact, both TDs graded all of these cases as having a high diagnostic difficulty and the FTF dermatologist graded 12 of these 14 cases in the same way. Nevertheless, no images needed to be excluded due to poor quality. As seen in other teledermoscopy studies, poor image quality did not correlate with lower diagnostic accuracy for any of the three dermatologists [8, 9, 16] . In images with suboptimal quality, the inclusion of relevant clinical information about the patient and the lesion may act as a complement to the images and help the dermatologist with his/her assessment [11] .
Goulart et al recently identified a possible use for dermoscopy in skin self-examination [19] . Although this mobile teledermoscopy app could be used by patients directly, our initial intention is to use it in triaging patients with suspicious skin lesions that are referred to dermatologists from GPs. In this sense, there are several limitations to this study. In order to assess how this app would perform as a triage tool, our group has initiated a larger prospective, multicenter, teledermoscopy trial in which GPs from multiple primary health care centers will refer patients with suspicious lesions to TDs at two hospitals in western Sweden using this app. Potentially, this could lead to more accurate patient prioritization and the possibility of planning for surgery on the patient's first visit to the dermatologist when necessary. Also, the referring GP could receive faster feedback regarding the suspected diagnosis and the dermoscopic findings, adding educational value. Furthermore, patients with evidently benign lesions could receive reassuring news almost directly, thereby avoiding the nervous wait of weeks or months before finally meeting with a specialist. Using teledermatology and teledermoscopy for triaging patients with a suspicion of skin cancer has already been shown to be both feasible and economically viable [20] [21] [22] .
Like other teledermoscopy solutions, the app provides a digital referral system that can transfer all relevant clinical information in combination with high-quality digital clinical and dermoscopic images to a dermatologist within seconds.
Contrary to other teledermoscopy solutions, the whole teledermoscopy solution fits in your pocket and does not require any cables or the need to transfer images from a camera to a computer prior to sending the case. Furthermore, the standardized query form minimizes the risk of the GP forgetting to include relevant clinical information in the referral.
Lastly, and as we have shown here, this mobile teledermoscopy solution allows TDs to achieve a diagnostic accuracy comparable to that of a FTF dermatologist.
The introduction of smartphones with easy-to-install "apps" can potentially revolutionize the way GPs communicate with dermatologists. In 2009, Massone et al envisioned "one click" skin cancer diagnosis through mobile teledermoscopy, and this app takes us a step closer to this goal [7] .
